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Abstract

This study examined the ability of young children with autism spectrum disorders (ASD) to detect
affective correspondences between facial and vocal expressions of emotion using an intermodal
matching paradigm. Four-year-old children with ASD (n = 18) and their age-matched normally devel-
oping peers (n = 18) were presented pairs of videotaped facial expressions accompanied by a single
soundtrack matching the affect of one of the two facial expressions. In one block of trials, the emotions
were portrayed by their mothers; in another block of trials, the same emotion pairs were portrayed by an
unfamiliar woman. Findings showed that ASD children were able to detect the affective correspondence
between facial and vocal expressions of emotion portrayed by their mothers, but not a stranger.
Furthermore, in a control condition using inanimate objects and their sounds, ASD children also
showed a preference for sound-matched displays. These results suggest that children with ASD do not
have a general inability to detect intermodal correspondences between visual and vocal events, however,
their ability to detect affective correspondences between facial and vocal expressions of emotions may be
limited to familiar displays.
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The social disabilities found in autism have been consistently emphasized as a central defining
feature (Volkmar & Klin, 1994). Studies have shown that individuals with autistic spectrum
disorders (ASD) exhibit a variety of social abnormalities from infancy onward, such as
impairment of social gaze, failure of joint attention, inappropriate affect, lack of interest in peers,
and difficulty in communicating (Hobson, 1986a; Hobson, Ouston, & Lee, 1988; Loveland,
Tunali-Kotoski, & Chen, 1995; Yirmiya, Kasari, Sigman, & Mundy, 1989). The lack of skill in
expression and recognition of emotions is the most prominent clinical feature of the social deficit
of autism and likely to be one of the most significant obstacles to their ability to interact
intimately with others and form social relationships. Hobson (1993) has theorized that early in
development, children with autism fail to coordinate affective attunement with others; which
could imply an early deficit in the direct perception of affect. Similarly, Loveland (1991)
suggested that individuals with autism are impaired in the ability to perceive the functional
significance or ‘‘affordances’’ of events. This impairment would suggest that children with
autism have difficulty recognizing and responding appropriately to the affective expressions of
others, which would have major implications for later social development.

At present, however, there is no clear evidence for young children with autism lacking the
ability to perceive information relevant to affect, although they have been found to be more
interested in objects than in social partners (Dawson & Lewy, 1989). Dawson, Meltzoff,
Osterling, and Rinaldi (1998) compared the visual responses of young children with autism to
social and non-social stimuli with those of mental age-matched children with Down syndrome.
They found that children with autism frequently failed to orient to any stimulus, especially to
social stimuli. Also, Swettenham et al. (1998), in a study of spontaneous looking behavior of
young autistic children during play sessions, found that autistic children, compared to controls,
spent less time looking at people and more time looking at objects. Therefore, there are
indications that the abnormalities in gaze behavior in young children with autism are related to
the social content of the stimuli (see also Osterling, Dawson, & Munson, 2002). In a study of
home videotapes of first birthday parties, the failure to attend to others’ faces was the single best
discriminator between 1-year-old children with ASD and normally developing children
(Osterling & Dawson, 1994).

Studies that investigated the effect of autism on recognition of emotional expressions often
involved matching procedures with older children and adolescents. For example, Hobson
(1986b) demonstrated that children with ASD have difficulty matching facial expressions with
appropriate gestures, vocalizations, or situations. The author showed that individuals with ASD
were more impaired in matching photographs of facial expressions with the corresponding
vocalization than in matching photographs of things or animals with their corresponding sounds.
Consistent with these data, Celani, Battacchi, &Arcidiacono (1999) showed that individuals with
autism were less proficient than developmentally delayed children in matching a facial
expression briefly presented on a static videopicture with a photograph of the same emotion.
Loveland et al. (1995) found that adolescents with autism performed more poorly than those with
Down syndrome when asked to point to the appropriate facial expression in a display when they
heard a script that represented one of the emotions.

Yet, although many studies have found evidence supporting a deficit in the perception of affect
in autism, others have not. Several studies found no differences in tasks involving emotions when
autistic and non-autistic groups were matched on verbal ability (Davies, Bishop, Manstead, &
Tantam, 1994; Loveland et al., 1997; Ozonoff, Pennington, & Rogers, 1990; Prior, Dahlstrom, &
Squires, 1990; Tantam, Monaghan, Nicholson, & Stirling, 1989). Also, the majority of studies on
emotion recognition in autism show only small deficits and involved primarily older children and
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adolescents with autism. The challenge thus remains to identify more precisely the nature and
development of the emotion recognition impairments of children with autism during the early
years of life at a more basic perceptual level.

In order to examine emotion recognition abilities of young children with ASD, this study used
the intermodal matching paradigm previously applied in infant research (Walker-Andrews,
1997). In this paradigm, infants’ ability to perceive the correspondence between facial and vocal
expressions of emotion is examined by presenting two visual displays side-by-side together with
a single vocal expression (Walker, 1982; Walker-Andrews, 1986). By 5–7 months of age,
normally developing infants look predominantly at the facial expression accompanied by a
matching sound, that denote happy, angry, sad, and neutral emotion. In one study, Walker-
Andrews, Haviland, Huffman, and Toci (1994) demonstrated that this technique can be adapted
for use with school-age ASD children in a task that used intermodal matching of inanimate
events. Also, a follow-up study with school-age ASD children showed that they could match
facial and vocal expressions of sad expressions (Haviland, Walker-Andrews, Huffman, & Toci,
1996).

Recent findings demonstrate that early in development typically developing infants recognize
the correspondences between facial and vocal expressions of their mothers earlier than those of a
stranger (Kahana-Kalman &Walker-Andrews, 2001; Montague &Walker-Andrews, 2001). The
present study examined whether young children with ASD also can detect the affective
correspondences between facial and vocal expressions of their mothers more readily than those
of an unfamiliar woman.We hypothesized that if ASD children have the ability to detect common
affective information in facial and vocal expressions, they would demonstrate it more readily
when presented with emotional expressions of a familiar person like their mother.

Our procedures differ in several ways from those previously used in emotion matching studies
in autism. First, we based our matching measure on children’s visual gaze preferences at filmed
displays, as has been done in previous studies with young infants. In this first study to use this
procedure with young preschoolers (2–5 years of age), we chose as controls a group of aged-
matched normally developing children (ND). Second, in order to eliminate both synchrony and
linguistic information, we used vocal expressions presented with a time delay with respect to
both facial displays and asked presenters to avoid labeling the emotions they portrayed. This
manipulation was used to ensure that visual preferences were based on common affective
information between the facial and vocal displays (Kahana-Kalman & Walker-Andrews, 2001;
Soken & Pick, 1992; Walker-Andrews & Dickson, 1997). Third, we also included a control
condition with inanimate events to examine the possibility that all types of intermodal matching
might be impaired in children with autism.

1. Method

1.1. Participants

Eighteen children (15 boys and 3 girls) with autism spectrum disorders (ASD) were referred to
this study by the early intervention unit of Albert Einstein College of Medicine. Their mean
chronological age was 49 months (range, 26–71 months), and their mean developmental age was
17 months (S.D. = 4.17; range, 12–24 months) based on the mental scale of the Bayley Scales of
Infant Development—II (Bayley, 1993). Their diagnosis of autism spectrum disorders was based
on the DSM-IV criteria (American Psychological Association, 1994) and confirmed when they
enrolled in this study with the Childhood Autism Rating Scale (CARS) (Schopler, Reichler, &
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Rochen, 1998) on which their scores ranged from 38.5 to 44.5 (M = 41, S.D. = 1.33). Because the
intermodal matching paradigm used in the present study had been applied almost exclusively
with infants, we included a group of age-matched normally developing children (ND) (n = 18, 11
boys and 7 girls) of similar ethnic background. The mean age of children in the comparison group
was 44 months (range, 24–79 months). The ethnic distribution of the overall sample was 36%
Caucasian, 36% African American, and 28% Latino.

1.2. Procedures

On a first visit, mothers were videotaped expressing three emotions—happy/joy, sad, and
angry. These videotapes were edited and prepared for testing with the children on the second
visit.

1.3. Intermodal matching paradigm

The intermodal matching paradigm assessed children’s ability to match facial expressions to
affective vocalizations. Three conditions were presented in counterbalanced order across
participants: (1) emotional expressions: mothers, (2) emotional expressions: unfamiliar woman,
and (3) inanimate objects. In each condition, children were presented with two visual displays
shown side by side on two adjacent TV monitors, while a single soundtrack was played from a
central speaker. In the case of emotional expressions, faces of the same person displaying two
different emotions appeared and disappeared simultaneously with the soundtrack matched to one
of the affective facial expressions. To ensure that neither one of the facial expressions matched
the soundtrack on the basis of temporal synchrony of lip movements, the videotapes of the sound-
matched facial expressions were created with 5 s delays between the vocal and facial expression.
This manipulation eliminated rhythmic synchrony information between the woman’s mouth
movements and speech as the basis for matching, making it more likely that children relied on
common affective information to make the match.

The children were asked to sit in a child-size chair situated 5 ft away and centered in front of
two adjacent 20-in. monitors. The lights in the experimental room were dimmed to attract
children’s attention towards the monitors. A camera situated behind neutral blinds above the
display monitors recorded children’s gaze. Although not instructed to look at the face that
corresponded to the soundtrack, children’s ability to detect the correspondence between the facial
expressions and vocalizations was inferred from their differential looking at the faces.

1.4. Expressions of mothers

In this condition, children observed their mothers portraying a different emotion on each
monitor (sad, happy, or angry) with a vocalization matching one of the emotions on each trial.
Each child viewed 12 pairs of emotions (25 s each) for a total presentation time of 5 min. The
emotion pairs were happy/sad, happy/angry, and sad/angry. To create the videotapes, we
informed the mothers about the important facial muscle changes that are commonly used to
express the target emotions and asked them to speak in a matching tone of voice. To reduce
matching based on explicit labeling of the emotions, we asked mothers to avoid naming the
emotions they portrayed.

Maternal facial expressions were judged by 25 naı̈ve raters who identified the valence and
intensity of their expressions. The average percent agreement among raters for happy/joy
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expressions wasM = 94.15% (S.D. = 11.86), for sad expressionsM = 94.47% (S.D. = 7.60), and
for angry expressions M = 92.73% (S.D. = 17.25). There was no difference in the ratings of the
expressions of mothers. Maternal vocal expressions did not vary in loudness across emotions
(M = 71.55 db, S.D. = 1.66). Based on an a priori decision to replace children whose mothers’
facial expressions could not be identified by adult raters (<70% agreement), 2 ASD children and
1 normally developing child were replaced to maintain 18 participants per group.

1.5. Expressions of unfamiliar woman

In this condition, the children observed the emotional expressions of an unfamiliar woman of
the same ethnicity as their mother. The unfamiliar women were mothers of other children
enrolled in the study.

1.6. Inanimate events

In this condition, the children were presented with eight different pairs of inanimate events.
The events, such as dropping marbles into a container or playing a xylophone, were colorful and
in motion, and produced distinctive sounds. The videotaped events were edited to yield a set of
eight pairs, each 30 s long, presented along with a non-synchronized soundtrack. We created a set
of six videotapes that were paired in three orders, controlling for side and sequence of appearance
(Walker-Andrews et al., 1994). Children were randomly assigned to one of the three orders of
presentation.

1.7. Measures and coding

Children’s looking time was coded using mute videotapes. This ensured that coders were
naive with respect to the identity and side of the sound-matched display. The duration of
children’s looking to each film (left or right) or away was coded using a computerized system
(Long, 1996). AVITC time code recorded on the videotapes allowed the judgment of time within
1/30 of a second. Reliability was assessed by having 35% of the data coded by two observers.
Agreement was defined as both coders scoring the same side code in the same 0.01 s. The average
kappa calculated on the duration and side (left, right, away) of each look was 0.80 (S.D. = 0.10).
The mean percent agreement was 87.34% (S.D. = 6.81).

Two primary dependent measures were derived based on the looking time data: (1) overall
attention—calculated as the percentage of looking time to both visual displays (left and right
monitor) out of total presentation time; (2) intermodal preference—calculated as the difference
between the percentages of time children looked at sound-matched versus non-sound-matched
displays. Larger differences between these percentages indicate stronger preferences for looking
at an event when it is presented with a matching sound. In infancy, these preferences typically
range between 5–15% (Walker-Andrews, 1997).

2. Results

First, a 2 ! 4 (group ! block order) MANOVA comparing overall attention and intermodal
preference across orders of block presentations showed neither significant effects of order of
stimulus presentation in either group of children nor any interaction between group and order.
Thus, we collapsed data across orders.
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2.1. Intermodal matching of emotional expressions

First, we assessed children’s overall visual attention to the videotaped displays. Using the
percentage of time children looked at the videotaped events out of total presentation time, we
conducted an ANOVA with group as a between-subject variable and familiarity (mother,
unfamiliar woman) as a within-subject variable. A significant main effect of group showed that
ND children looked at the emotion displays significantly more than ASD children (M = 89%,
S.E. = 3% for ND group, and M = 74%, S.E. = 3% for ASD group). However, children with
autism attended to the displays for durations sufficient to demonstrate intermodal matching
preferences. There was no main effect of familiarity on total looking time, suggesting that
children in both the ASD and ND groups maintained the same level of attention to the emotion
displays of their mothers and the unfamiliar woman.

To assess children’s ability to recognize the correspondence between facial and vocal
expressions, we computed looking preferences for sound-matched facial expressions using
difference scores for familiar and unfamiliar faces. These were calculated as the difference
between the percentages of time children looked at sound-matched versus non-sound-matched
displays of each emotion. A multivariate repeated measures ANOVA was conducted on the
preference scores for sound-matched facial expressions using group (ASD, ND) as a between-
subjects variable and familiarity (mother, unfamiliar woman) and emotion (happy, sad, angry) as
within-subject variables. The main effect of familiarity was significant (F(1, 34) = 4.48,
p < 0.04). The average preference for sound-matched emotions portrayed by mothers was 12%
(S.E. = 2%) and 8% (S.E. = 2%) when portrayed by the unfamiliar woman. The two-way
interactions were not significant. However, the three-way interaction between group, emotion,
and familiarity was significant (F(2, 33) = 4.66, p < 0.01) (see Table 1).

To follow-up the three-way interaction, we conducted two separate 2 ! 3 ANOVAs with
group (ASD, ND) as a between-subjects variable and emotion (happy, sad, and angry) as a
within-subjects variable for familiar and unfamiliar conditions. In the unfamiliar condition, a
significant main effect of group (F(1, 34) = 4.01, p < 0.05) showed that the preference for sound-
matched emotions among ASD children was significantly lower than among ND children
(M = 5%, S.E. = 2%; M = 12%, S.E. = 2% for ASD and ND groups, respectively). However, in
the familiar condition, the main effect of group was not significant (F(1, 34) = 1.65, p < 0.21),
suggesting that the ASD children showed the same level of preference for sound-matched
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Table 1
Mean difference score between preferences to sound-matched vs. non-sound-matched facial expressions of mother and

unfamiliar woman by group

Condition Emotion Group

Autism Normally developing
M (S.E.) M (S.E.)

Mother (familiar) Happy 0.13 (0.03) 0.13 (0.03)

Sad 0.07 (0.02) 0.16 (0.02)

Angry 0.11 (0.03) 0.14 (0.03)

Total 0.10 (0.02) 0.14 (0.02)

Unfamiliar woman Happy 0.02 (0.02) 0.11 (0.02)

Sad 0.06 (0.03) 0.11 (0.03)

Angry 0.07 (0.03) 0.14 (0.03)
Total 0.05 (0.02) 0.12 (0.02)



emotions of mothers as did normally developing age-matched peers. However, a significant
group by emotion interaction (F(2, 33) = 4.18, p < 0.02) in the familiar condition was followed
by an ANOVA comparing separately the preferences for each of the emotions across groups.
There was no difference between the groups in the preferences for sound-matched happy and
angry expressions of mothers, but ASD children showed a weaker preference for sound-matched
sad expressions of mothers (F(1, 34) = 8.64, p < 0.00).

In summary, ASD children were almost as proficient in matching facial and vocal expressions
of their mothers as their age-matched peers (10.3% versus 14.5% for ASD and ND groups,
respectively), especially for happy and angry displays. However, when the emotions were
portrayed by an unfamiliar woman, ASD children were less proficient than their age-matched
peers in matching the vocal and facial expressions (5% versus 12% for ASD and ND groups,
respectively), especially happy expressions. Furthermore, across conditions and emotions,
correlations between child age and preferences for sound-matched events were not significant
(r’s = 0.20–0.38, p > 0.22), with the exception of one significant correlation between child age
and preferences for sound-matched sad expressions of the unfamiliar woman in the ASD group
(r = 0.48, p < 0.04).

2.2. Control condition: Inanimate events

Children of both groups attended to the physical-inanimate event films for almost the entire
presentation time (ASD M = 90%, S.D. = 0.07; ND M = 91%, S.D. = 0.11). Intermodal
preferences were calculated by taking the difference between the percentage of time children
looked at inanimate events presented with a matching and a non-matching sound. An ANOVA
with group as a between-subjects variable using the preference scores for sound-matched
displays did not show a difference between the groups (F(1, 34) = 2.90, p < 0.6). ASD children
showed an average 7% (S.D. = 0.13%) preference for sound-matched inanimate displays, and
ND children showed an average preference of 9% (S.D. = 0.12%). Thus, children in both groups
were able to detect intermodal correspondences between visual and auditory events with similar
proficiency. Correlations between child age and looking preferences at sound-matched events
were not significant in either group (ASD, r = "0.07, p > 0.76; ND, r = "0.20, p > 0.41),
suggesting that the ability to match object events and their sounds was consistent across
participants in each group.

3. Discussion

This study examined the ability of young children with autism to detect affective
correspondences between facial and vocal expressions of emotion using an intermodal matching
paradigm. In addition, we examined whether familiarity with the person portraying the emotional
expressions may facilitate the ability of young preschoolers with autism to detect affective
correspondences between facial and vocal expressions.

Two major results emerged from this study. First, ASD children, as opposed to ND children,
looked significantly longer at sound-matched facial expressions portrayed by their mothers than
by an unfamiliar woman. There was no difference in intermodal (visual and auditory) matching
of maternal emotional expressions between children with autism and normally developing
children. However, when an unfamiliar woman portrayed the emotional expressions, children
with autism did not demonstrate this effect. The failure to detect the affective correspondences
between facial and vocal expressions of an unfamiliar woman is consistent with previously
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reported data on the difficulty of ASD children in matching affective information (Hobson,
1986a,b; Loveland et al., 1995; Yirmiya et al., 1989). Second, ASD children showed the
intermodal preference effect when presented with inanimate events, which replicates previous
findings with similar events among younger ASD children (Walker-Andrews et al., 1994). This
finding substantiates the appropriateness of our paradigm with young children with ASD and
suggests that they are not necessarily deficient in their ability to recognize commonalities across
different modalities.

The preference for sound-matched expressions of mothers suggests that children with autism
may have some intact ability to detect the affective correspondences between facial and vocal
expressions of emotion, even though they may be restricted to familiar people or contexts.
Previous studies reporting some intact abilities with respect to social/emotional skills among
ASD children have also used familiar caretakers or contexts. For example, Snow, Hertzig, and
Shapiro (1987), examined the affect of children with autism in the context of play interactions
with their mothers, their preschool teachers, and unfamiliar adults. Overall, children with autism
displayed less emotion than matched non-autistic developmentally delayed children. Never-
theless, when these ASD children displayed positive affects, they were more likely to do so in
interactions with their mothers or familiar teacher than with an unfamiliar adult.

Dawson et al. (2002) have suggested that children with autism lack social attention, which is
related to a more basic inability to form representations of the reward value of social events
known to motivate and direct attention by the second half of the first year. Dawson claims that, in
contrast to normally developing children who are typically attracted to the variable and less
predictable reward feedback of social stimuli, children with autism are more attracted to the
predictable and highly contingent reward feedback of non-social stimuli (Dawson & Lewy,
1989). This might lead to a general decline in the attention children with autism direct towards
social stimuli, including faces and emotions, generating a deprivation of normal experience with
social/emotional events. However, children with autism may preserve the ability to form
representations of the reward value of social/emotional signals of their caretakers whose
emotional expressions are highly meaningful (Loveland, 1991). This would suggest that
remediation efforts with children with autism should focus on the generalization of their
emotion-decoding skills from familiar caretakers to others.

In sum, results from this study support previous findings suggesting that emotion recognition
is not systematically deficient in children with autism (Davies et al., 1994; Gepner, Deruelle, &
Grynfeltt, 2001). The good performance of young ASD children in the current study with respect
to the ability to detect affective correspondences between the facial and vocal expressions of
emotions portrayed by their mothers would be of interest to parents of children with autism; it
suggests new remediation strategies, such as using familiar therapists and teachers, as well as
parents, to foster emotional processing. In future studies, a comparison group matched on both
chronological and mental age would be useful for identifying whether the obtained differences in
matching facial and vocal expressions are specific to autism or cognitive delay.

Our failure to find differences in the matching of three basic emotions—happiness, sadness,
and anger in autism is consistent with other studies (Pelphrey et al., 2002). Future studies using
the intermodal matching procedure should examine the ability of ASD children to detect
affective correspondences between facial and vocal expressions of more complex emotions,
such as shame, surprise, and fear. These limitations notwithstanding, the results of this study
advance our understanding of early emotion recognition of young preschoolers with autism and
support the usefulness of the intermodal matching paradigm for future research with ASD
children.
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